Introduction
The compound K 2 TaF 7 (K-salt) is commonly used for fabrication of pure tantalum in high temperature processes [1, 2] . In spite of its common usage, some controversial data appear in the literature even on such a trivial quantity as the value of its melting point. For example, the melting points reported in [3, 4] are relatively close to each other, 775 o C and at 771 o C, but in [5] a considerably lower value of 730 o C was reported. In contrast, in [6] the melting point of K 2 TaF 7 was reported to be within the temperature interval of 752 -758 o C. Moreover, in [3] a polymorphic transformation of K 2 TaF 7 at 741 o C was also reported. Considering three endothermic effects observed on heating in the temperature interval 730 -778 o C an attempt to describe the mechanism of fusion of pure K 2 TaF 7 was reported [7] . 8 . This concept is, however, in contrast with the reported phase diagrams of K 2 TaF 7 -KF because, according to the known phase diagrams, K 3 TaF 8 cannot crystallize as the first phase before reaching the eutectic composition. It should be, however, noted that the fusion temperature of KTaF 6 was found by the authors [3] to be only 512 o C. The aim of this work was to analyse thermal effects during heating the K-salt in the temperature interval of 680 -800 o C using differential scanning calorimetry (DSC) and in situ high temperature neutron powder diffraction. Using DSC, the energy content of each effect was investigated, while neutron diffraction experiments provided information on the nature of phase transformations. 
DSC measurements
A SETARAM HTC 1800 K calorimeter, working in the DSC mode, was used for the determination of the enthalpy changes in the temperature range 680 -800 o C. The measured sample sealed in the platinum crucible was placed in an alumina holder. Reference material, powdered alumina, was placed in the second alumina holder. The holders were placed one above the other in the homogeneous temperature field of a vertical furnace so that K 2 TaF 7 was placed in the upper holder, and the reference material in the lower holder of the calorimetric cell. The temperature and the temperature difference between two alumina holders of the cell were recorded at a constant rate of temperature change (1 o C min -1 ). The temperature difference between the middle parts of the holders, proportional to the heat flow between them, was measured with a set of thermocouples connected in series. Experimental data processing has been discussed in [8] .
Neutron diffraction
High-temperature neutron diffraction data were collected in the high-intensity mode on the NPD diffractometer installed at the R2 reactor in NFL Studsvik, Sweden. The double monochromator system for NPD consisted of two copper crystals aligned in (220) mode giving a wavelength of 1.470 Å. The sample in a platinum crucible was placed into the vanadium containers and scanned at the four temperatures 654 o C, 710 o C, 749 o C and 794 o C, respectively. These temperatures were chosen considering the thermal effects observed in the DSC analyses. The furnace was equipped with a vanadium foil heater in a vacuum chamber giving a very low background and no extra peaks. The step scan covered the 2Θ range 4 -140 o with a step size of 0.08 o . The data collection time for each run was ~ 11 hours.
Results and discussion

Calorimetric data
Three peaks, corresponding to three endothermic effects ( Fig. 1) were measured on heating K 2 TaF 7 in the temperature interval 680 -800 o C, in accordance with [7] . Similarly, on cooling of the melted sample three exothermic peaks were observed in contrast to the two peaks presented in [7] . The values of the peak areas A Φ for each effect and some derived quantities are summarised in Table 1 . These effects are henceforth termed heat I , heat II and heat III for heating and cool III , cool II and cool I for the cooling modes, respectively.
heat where m is mass [g] of the sample and the symbol "trans" is a common symbol for any thermal effect.
The coefficient of proportionality ε trans [K s J -1 ] called "sensitivity of the calorimetric method" is a function of temperature, A trans is the peak area. The temperature dependence of ε trans was determined in [9] by analysing the result of fusion and crystallization measurements for six calibration substances (KNO 3 , LiCl, KCl, NaCl, Na 2 SO 4 , K 2 SO 4 ) with known values of enthalpies and temperatures of fusion in the interval 334 o C -1069 o C:
The covariance of the coefficients in Eq. (2) is −3.35 × 10 -5 i.e. they are mutually independent. In the calculation of regression equation Eq. (2) mean temperatures of fusion and crystallization for each calibration substance were used, calculated as arithmetic mean of the average temperatures between the beginning and the end of the peaks of individual measurements of fusion and crystallization.
The mean temperatures (T Φ ) of the individual processes occurring on heating and cooling of K 2 TaF 7 , corresponding values of ε trans calculated from Eq. (2), and the values of the changes of specific enthalpies of the individual processes calculated from Eq. (1) are summarised in Table 1 .
The results of our experiments showed that the hypothesis on the character of the processes reported in [7] is debatable. If the partial decomposition of K 2 TaF 7 to KTaF 6 and K 3 TaF 8 proposed in [7] occurred within the first endothermic effect, and fusion of K 2 TaF 7 within the second one upon heating of K 2 TaF 7 , then the material balance of K 2 TaF 7 in both processes would be influenced by the kinetics of the low temperature process. Consequently, longer treatment of the sample at the temperature lower than the beginning of the second process would result in vanishing of the heat effect corresponding to the second process on further heating.
To verify this assumption, the sample was maintained for 4 h at a temperature of 729 o C between the first and the second thermal effects and then heating was allowed to continue with a temperature rate of 1 o C min −1 . In fact, both the second and the third thermal effects were observed. Moreover, evaluation of this experiment showed that the peak areas corresponding to the second (68 K s) and the third (48 K s) processes are in good agreement with the values found for the heat II and heat III effects (Table 1 ). This experiment proved that K 2 TaF 7 cannot be decomposed in the first process of heating otherwise decomposition would continue when the temperature was stabilised below 730 o C. Therefore, the whole initial weight of the sample enters the second process of heating. This is in agreement with the phase diagram of the K 2 TaF 7 -KF system given in [3] , as well as with the part of the phase diagram presented in [7] . From those phase diagrams, it is evident that at 730 o C K 2 TaF 7 cannot coexist with K 3 TaF 8 because the K 2 TaF 7 -K 3 TaF 8 system shows the eutectic point at 717 o C [3] or 721 o C [7] . On the other hand, the abrupt growth of electrical conductivity at 730 o C observed by the authors [7] , indicating appearance of melt in the system, cannot be explained by any of the reported phase diagram. Relatively small peak areas (Table 1) corresponding to the first process on the heating of K 2 TaF 7 suggest that this process is a phase transition of K 2 TaF 7 .
The first process in heating of K 2 TaF 7 is equivalent to the last process in cooling of K 2 TaF 7 melt (cool I ). The peaks of this process lie in a narrow temperature interval of 694 -690 o C but they are shifted by about 18 o C to lower temperatures compared with those of the first process of K 2 TaF 7 heating. Such a hysteresis at phase transitions of substances is not unusual.
According to [7] , the second heat effect (heat II ) at 746 o C in the heating process corresponds to the fusion of K 2 TaF 7 , but the authors have not discussed the character of this fusion. However, the above mentioned part of the phase diagram of the K 2 TaF 7 -KF system indicates incongruent decomposition of K 2 TaF 7 under the formation of two melts. In that phase diagram an isothermal line has occurred at 746 o C in the region up to 10 mol. % KF. The decomposition of a substance into two melts is uncommon, but not exceptional.
The temperature of the beginning of the second heat effect determined in our experiments agrees with the value given for this process in [7] . The temperature of the beginning of the second process in cooling of the K 2 TaF 7 melt is again at 746 o C. The beginnings of peaks of the second heat effect at 746 o C during heating of K 2 TaF 7 are unexpectedly sharp. This sharpness leads to the assumption that at 746 o C and constant pressure three phases coexist in the system under study (non-variance equilibrium) and that K 2 TaF 7 decomposes incongruently into two 
The change of molar enthalpy of the second process, occurring on heating or cooling of K 2 TaF 7 , at 746 o C (19(1)) differs considerably from those of the enthalpy of fusion of K 2 TaF 7 (37.2(7) and 34.6(10)) given in [6] . According to [6] , the values of enthalpy of fusion for K 2 TaF 7 include also the enthalpy of pre-freezing.
Let us assume that the second process on heating K 2 TaF 7 is incongruent decomposition into two melts and the third one is mixing of these two melts. Consequently, the sum of enthalpy changes of these two processes, 32(2) kJ mol -1 , could be considered as the quantity corresponding to the enthalpy of fusion of K 2 TaF 7 . The sum of the heat effects of the second and the third processes is close to the value of fusion enthalpy of K 2 TaF 7 that was determined in [6] .
Neutron diffraction analysis
High temperature in situ neutron diffraction experiments were performed in order to support the suggestions from DSC measurements. Diffraction patterns are shown in Fig. 2 . Note that in the following we will discuss only the portion of the patterns upper limited by 3Å, as above this value the patterns are affected by the peaks of the Pt container. The first pattern was taken at 654 o C, as neither DSC nor TA showed any thermal effects between 240 and 690 o C. It was thus reasonable to assume that the shape of the pattern taken at this temperature would resemble the pattern of β-K 2 TaF 7 [10] that is given for comparison in Fig. 2a . Indeed, an inspection of Fig. 2 revealed that the agreement is fair, even though the increasing temperature deformed the structure.
An attempt was made to refine the structure, but owing to the dominance of Pt peaks in the pattern, Rietveld refinement was unstable. The pattern collected at 710 o C is the pattern produced by a solid phase without any evident traces of amorphous or liquid phases. From the peaks identified at 654 o C only four remained in their positions, which could indicate that a phase transition could have occurred within the 650 -710 o C range. The shape of the pattern taken at 749 o C shows that almost any long range order is lost and that amorphous or liquid phases start to appear. Finally, the pattern at 794 o C shows only a broad peak typical of non-crystalline phase(s). XRD patterns of the K 2 TaF 7 before and after melting are identical and correspond to α-K 2 TaF 7 .
Conclusions
In the proposed study the nature of three thermal effects observed during K 2 TaF 7 heating within the 680 -800 o C range was reinterpreted in contrast to [7] . Based on DSC measurements, it was suggested that K 2 TaF 7 undergoes a solid-solid phase transformation at 703 o C. This assumption was supported by the neutron powder diffraction experiments, as two rather different patterns were recorded for K 2 TaF 7  at 654 o C and at 710 o C, respectively. A comparison of this transition with the one at 730 o C discussed in [7] must be, however, made with caution as the temperatures of this transition are significantly different. The thermal effect at 746 o C was attributed to the incongruent decomposition of K 2 TaF 7 into two melts. The value of this transition temperature agrees well with that in [7] , but the suggested mechanisms of this effect are different. The third transition was attributed to the mixing of two melts. This conclusion was supported by the neutron diffraction pattern taken at 749 o C showing the disappearance of crystalline phase, disproving the assumption in [7] -melting of K 3 TaF 8 as the last transition.
